Purpose: The aim of this report was to describe multimodal ocular imaging findings in a patient who presented with a ruptured retinal arterial macroaneurysm (RAM) associated with toxoplasmic Kyrieleis arteriolitis. Methods: We report the case of a 64-year-old man with a history of systemic hypertension and dense amblyopia of the left eye who presented with decreased vision and new floaters in the left eye. Color fundus photography, spectral-domain optical coherence tomography, fluorescein angiography, and indocyanine green angiography were used as diagnostic imaging tools. Results: No signs of hypertensive retinopathy were noted in the right eye. Multiple chorioretinal scars characteristic of previous toxoplasmosis were revealed in the left eye, with one covering most of the macula. Periarterial plaques or Kyrieleis arteriolitis were observed in retinal arteries surrounding the toxoplasmic retinal scars. Multiple RAMs were observed in these vessels, one of which was acutely ruptured. A perivenular plaque associated with a chronic branch retinal vein occlusion (BRVO) was noted along the same arcade at the arteriovenous crossing. Conclusion: RAM formation and BRVO Case
Introduction
Toxoplasmic retinitis has been reported to cause periarterial plaques, also known as Kyrieleis arteriolitis [1] . There have been no reported cases of retinal arterial macroaneurysm (RAM) associated with Kyrieleis arteriolitis. In this case report, we present a patient with a ruptured RAM in the setting of Kyrieleis arteriolitis.
Case Report
A 64-year-old male presented with a 4-day history of new floaters and decreased vision in the left eye. His past medical history was significant for systemic hypertension and dense amblyopia of the left eye, likely due to toxoplasmic macular scarring. On physical exam, visual acuity was 20/20 in the right eye and 20/300 in the left eye. Intraocular pressures were normal. Pupils were normal with no afferent pupillary defect. Extraocular movements were full with a large-angle exotropia of the left eye. On fundus exam, the right eye had a normal fundus with no signs of hypertensive retinopathy (Fig. 1a) . Fig. 1b is a color fundus photograph of the left eye, which revealed a large variably pigmented chorioretinal lesion covering almost the entire macula, consistent with an inactive toxoplasmic scar. Multilevel retinal hemorrhage consistent with RAM can be observed. There was moderate vitreous hemorrhage, mostly inferiorly settled. Preretinal hemorrhage superior to the optic nerve and preretinal, retinal, and subretinal hemorrhages adjacent to the macular scar were noted. A second small chorioretinal scar adjacent to the superotemporal arcade was observed on the color fundus photograph. The superotemporal arcade vessels showed significant attenuation with periarterial plaques, consistent with old toxoplasmic Kyrieleis arteriolitis (Fig. 1b) . Both fundus fluorescein angiography (FA) and indocyanine green angiography (ICGA) (Fig.  2a, b ) of the right eye showed normal retinochoroidal vasculature. Figure 3a illustrates the late phase of the FA of the left eye, which demonstrated a homogeneously hypofluorescent masking lesion contiguous to the macular scar, congruous with preretinal hemorrhage. Three hyperfluorescent RAMs were detected in the vessels feeding the retinal scars, with a prominent one located at the center of the masking lesion, which is most likely the site of rupture. Besides the 2 toxoplasmic retinal scars seen on fundus photography, FA revealed a third large chorioretinal hypofluorescent scar located in the superotemporal mid-periphery. Both large retinal scars were hypofluorescent with hyperfluorescent margins. In addition, there were multiple microaneurysms located superior to the macular scar and along the superotemporal arcade, as well as retinal capillary nonperfusion and retinal collaterals adjacent to the mid-peripheral chorioretinal scar, likely resulted from chronic branch retinal venous occlusion at the arteriovenous crossing (Fig. 3a) . On ICGA, as demonstrated in Figure  3b , vessels around the chorioretinal scars were attenuated, with no evidence of leaking or active vasculitis, and the same RAMs seen on FA were also evident. As shown in Figure 4a -c, the spectral-domain optical coherence tomography revealed hyperreflective preretinal and subretinal lesions adjacent to a hyperreflective atrophied macular scar, consistent with preretinal and subretinal hemorrhages.
Considering that this patient did not have an active toxoplasmosis, active vasculitis, or significant macular edema and the history of dense amblyopia due to the macular scarring, we decided to manage his ruptured RAM expectantly. The patient's symptoms remained stable with gradual resolution of the vitreous hemorrhage at the 1-week return visit. His visual acuity returned to baseline within several months. Unfortunately, the patient was lost to follow-up afterwards.
Discussion
Ocular toxoplasmosis is a common cause of significant visual loss in the youth population [2] . Congenital ocular toxoplasmosis is more likely than acquired infection to be bilateral [2] . Acute acquired ocular toxoplasmosis can present at any age and has a predilection for presenting with larger lesions [3] . It is known that most RAMs are associated with aging of the vessel walls and cardiovascular diseases, such as systemic hypertension, arterial emboli, and arteriosclerosis [4, 5] . Toxoplasmosis retinitis has been reported to cause periarterial plaques, also known as Kyrieleis arteriolitis (Fig. 1b) , which could induce arterial emboli [1] . Therefore, we propose that the mechanism of multiple RAM formation in our patient was likely a sequela of retinal arterial emboli triggered by toxoplasma vasculitis. In addition, this process could have been aggravated by the patient's history of hypertension. However, fundus examination, FA, and ICGA of the fellow eye did not reveal signs of hypertensive retinopathy (Fig. 1a, Fig. 2a, b) . Therefore, the extent to which systemic hypertension contributed to the formation of the macroaneurysm is limited, further suggesting that old toxoplasmic vasculitis played a role. In addition, branch retinal vein occlusion (BRVO) has been reported to be associated with retinal toxoplasmosis [6, 7] . A chronic BRVO along with its complications -formation of microaneurysms, retinal capillary nonperfusion, and retinal collateralsis also present in our patient (Fig. 3a) .
Traditionally, when toxoplasmosis is active and involving the macula, triple therapy (pyrimethamine, sulfadiazine, and prednisone) has been used [8] . This patient did not have active disease, so triple therapy was not considered. Visual outcome for ruptured RAM is favorable [9, 10] . Treatment options for ruptured RAM include observation, focal laser coagulation, and intravitreal bevacizumab for secondary macular edema [9] [10] [11] [12] [13] [14] . Observation is sufficient in some uncomplicated cases, as aneurysmal hemorrhaging usually spontaneously undergoes sclerosis and occlusion as part of its natural course [10] . Conventional laser photocoagulation of the macroaneurysm has been the most commonly utilized treatment for symptomatic RAM; however, it may carry the risk of an increased rate of arterial occlusion, capillary dropout, subretinal fibrosis, enlargement of laser scar, and choroidal neovascularization compared to nontreatment [10] [11] [12] [13] [14] . A recent clinical trial suggests that subthreshold laser treatment may carry fewer risks [12] . Intravitreal bevacizumab has been shown to be an effective treatment for improving visual acuity in patients with complicated RAM involving the fovea [14] .
Conclusion
We conclude that RAM formation and chronic BRVO could present as long-term sequelae of vasculitis in the context of toxoplasmic retinitis. To our knowledge, this is the first case in the literature describing an association between Kyrieleis arteriolitis and RAM formation. 4 . a Spectral-domain optical coherence tomography (SD OCT) of the retina with a hyperreflective preretinal hemorrhage over the site of a ruptured retinal arterial macroaneurysm. b SD OCT of the retina with a hyperreflective subretinal hemorrhage adjacent to the atrophied macular scar. c Vertical SD OCT of the retina shows both preretinal and subretinal hemorrhages adjacent to the macular scar. Blue arrows, subretinal hemorrhage; orange arrows, preretinal hemorrhage; red arrows, macular scar.
